WO 98/ 15410 ;
PCT/US97/ 18173 | NVERTED STAMPI NG PROCESS

CROSS REﬁEﬁEN o/ O RELATED APPLI CATI ON 5 Thi s pEPUSEABITN
claims the benefit of co-pending United States provisional patent

application, serial no. 60/027,303, filed Ictober 10, 1996, the contents of
whi ch are I ncor por at ed herein by reference.
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- This invention.resides in a process for transferring dots, |ines, ‘or
geonetric designs of liquid print material froma bath of the materi al
-to a flat or curved surface. 2. Description of the Prior Art

I.)ncl uded anbng the wi de variety of commercially used printing processes are
. rotogravure, reverse roller coating, the transfer of dots or |ines by use
of dispensing 15 met hods or intinction, and the transfer of dots or l|ines

by di ppi ng a needl e or INVEERFED STMING PR@CESS( or plastic.

Printing processes that are used routinely in th el ectronics industry
include screen printing, stenciling, and tanpo prlntlng In the
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* incorporated herein by reference. : .

BACKGROUND OF THE INVENTION
1. Field of the Invention

10 This invention resides in a process for transferring dots, lines, or geometric designs
of liquid print material from a bath of the material to a flat or curved surface.

2. '.De'script'ion of the Prior Art

Included among the wide variety of commercially used printing processes are |
rotogravure, reverse roller coating, the transfer of dots or lines by use of dispensiﬂg
15 methods or intinction, and the transfer of dots or lines by dipping a needle or an engraved
. stamp into a liquid ink or plastic. Printing processes that are used routinely in the
electromcs industry include screen printing, stenciling, and tampo printing. .
| In the electronics industry, printing processes are used for applying markmg inks,
structural adhesives and die attach materials to various different substrates. These
20  substances are applied in the form of pastes or dispensable liquids that typically contain a
carrier solvent to achieve the desired viscosity. When carrier solvents are used, a problem
commonly encountered is the fouling of the transfer stamp or print medium when the
solvent evaporates. This problem is particulafly acute when conductive materials such as
silver particles are included in the print material, or when the print material is a solder
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20 BRIEF DESCRIPTION OF THE DRAWINGS

~ FIG. 1 is a schematic diagram of an appar_atus for an inverted stamping process in
accordance with this invention. L . : |
FIGS. 2a, 2b, 2¢, 2d, and_ 2e are vertical cross section viéws, each showing two
cross sections taken at right angles to each other, of a print material bath and a surface to
25  be printed, the five figures depicting five stages of a process in accordance with this
invention. | o |
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DETAI LED 1IgTI ON OF THE I NVENTI ON o AND
PREFERRED ENMBODI MENTS The dé5| gn to be printed in accordance
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25 planes, the raised negative on the die will be mulu-planar in a complementary manner.
Thus, the full design will be printed on all planes of the surface with a single contact
between the raised negative and the surface. For example, on electronic devices which
require adhesive to be printed at two or more vertically differentiated levels, the various
levels can be printed with adhesive simultaneously by using an appropriately designed die.
30 This is made possible by the use of a liquid bath of the print material to immerse the
stamping die, rather than by transferring the liquid from a source such as a screen or roll
surface.
The liquid print matenal can be a solution, a suspension, an emulsion, or a fully
concentrated material such as an uncured polymer that will solidify upon exposure to
35  appropriate conditions. Solutions, suspensions and emulsions will consist of the substance
to form the design plus a liquid carrier in the form of a solvent or a continuous phase,
preferably one that will evaporate upon exposure to air or heat to leave the functional
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3. The dlg can be moved up and down in a bath with a fixed liquid level,
using method no. 1 above or other methods, repetitive or otherwise. '
30  Further methods will be readily apparent to those skilled in the art.

An example of an implementation of this invention is as follows:

The submerged die is mounted on a slide, ram, or rotating shaft that is mounted
through the bottom of the bath vessel using appropriate seals to prevent leakage. The
submerged die is raised above the bath liquid surface and the excess liquid is allowed to

35  drain from the die surface. The device to be printed is then brought in contact with the
wet die surface thus transferring the wet print material to the desired surface in a
controlled pattern. The process is then repeated by immersing the die once again in the
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30 Print thicknesses in the range of 0.0003 to 0.007 inch can be made in a single print

with this process.
In the schematic diagram of FIG. 1, the surface to be printed 11 is positioned over -
a bath 12 of the liquid print material in which the stamping die 13 is immersed. The
upper surface of the stamping die is a raised negative 14 that faces upward. The liquid
35 print material is circulated between the bath 12 and a reservoir 15 by a circulation pump
16, and replacement solvent 17 is added to the reservoir as needed to replace any solvent
that has been lost to evaporation. Contact of the raised negative 14 with the surface to be



30 Print thicknesses in the range of 0.0003 to 0.007 inch can be

madelnasmgle print with this process. Inthe
schenatlc ﬁﬁg‘{}ﬁm of FIG 1, the surface to be printed 1 4y0ned
over h 12 of the liquid print material in WhIC arrplng die
13 is imrersed. The upper surface 6f the stanping die |s a rai sed

negative 14 that faces upward. The liquid 35 _print material is circulated

bet ween ti¥inteshih mclmfd&l%fsb} vaisipg the ggmping; die ddaor by lpwening both thy Bathand -
r epl acemery arfiotheifade’ td be peified 1MOwhileholIame  tHe 'sfangn%"ﬁiédﬁﬂsﬁﬁbxfaﬂm ace any.

sol vent that has been | ost to evaporation act of the raised
negative 14 with the surface to be WO 98/ 15410

PCT/ US97/ 1817 3The following examples are offered strictly for purposes of illustration. 6
printed 11 is achieved either by raising the stanping die 14, or by

| owering both the bath 12 and the surface to be prlnted 11 while
hol di ng the stanping die 14 stationary. The foll ow ng
exanpl es are offered strictly for puyg Eﬁllllustratlon

EXAVPLE 1 5 This exanple i1l ustrates the application of this
invention to the "|ead-on-chip" (LOC) process, which is the printing
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upper mos tthe firsta dachview shaws miyb 2k tcen@my bath ofliquid adlma@szz, with a stamp
(die) 23 positioned inside the tub for vertical movement, and a leadframe 24 containing a
series of discontinuous leads positioned above the tub. It will be noted that the raised
‘negative on the stamp (which is the uppermost surface of the stamp) extends beyond the

20 leads.

FIG. 2a depicts the first stage, in which the stamp 23 is fully submerged in the bath
22, and the lead frame 24 is affixed in position over, and in alignment with, the stamp 23.
~ FIG. 2b depicts the second stage, in wh_ich the stamp 23 is raised above the surface
of the bath 22 to an intermediate position. A layer 25 of liquid adhesive rests on the upper
25  surface of the stamp. The thickness of this layer and its shape are a function of the
characteristics of the liquid, notably its viscosity and its surface tension, and also of the
" material of the stamp, the size of the stamp, the surface roughness of the stamp, the
surface profile of the stamp, and other parameters.
FIG. 2c depicts the third stage, in which the stamp is fully raised causing the layer
30 25 of liquid adhesive to contact the underside of the leads 24. The surface tension of the
liquid adhesive will cause the liquid adhesive to maintain contact between the stamp 23 and
the leads 24. The retention of liquid adhesive in the spaces between the leads is avoided
by control of the viscosity of the liquid adhesive through temperature control, solvent
control, or both.
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in the bath 22, and the lead frane 24'i.s affixed in position over,
and in alvg gm W|th the stanmp 23. FIG 2b semnusyyising
second st g n- whi ch the stanp 23 is raleed above the surface of

the bath 22 to an internedi ate position. A'layer 25 of liquid adhesive

2nd 1 ts shape oI 2q dreRr e FPudh sl & IHRy old Siabip 23 RRalted bl Soo e
not abl y i t owaird cesubmersiond in the ath 22c eAs thesstamp 23rig baingaretsactedhethe Stllﬂlqmd '
material Ofiklge YW stdith & e Pint Pfierd!i0BohdsR fikles Hr€ak ANIRIEAVINg brall®

stanp, the e starrp and of her _paraneters.

FIG 2c de@om £a thin lﬁﬁfrﬁgﬂf aghesiyeron thecpndesside, of the leads; 24, apd athin gesidie ATy

the | aye én?the stam fsuHaSé“ ‘é:oasiiaeﬁuyenhexsq&ﬁuqsédst Bareﬂﬂde&igndmﬁé stafi hedle,
24. The sur

acete S|ono esl w || cause ui d
‘adhesi ve t #hEQTHEC]; @%Fﬁwfa‘ﬁéﬁt %ﬂeﬁ‘s? %ﬁbe d)perator mﬁiﬁ q’@i‘&?
The ret ent pBRinOin hdcuite, &ﬂhﬁﬂlabl% and mdmbmaa epositivacof ddh&sﬂ/eeﬁl%ad:lsleadm ded

by cont ol i frice ¥pes 8F shirdlt. hlg%rbd&gxyg & scﬂ,%s%vlsggg@gqgﬂ%@%%ﬂs tan be

PCT/ US97/ 1gviolded.

FI G d
rovi ngtd CP ConEIG” 2. Qi b 3 add il ﬁﬁwﬁiﬂmﬁ%&g&%m q.s o i
retracted, anmedtmvclthaﬁ may dave rememegnme stamp; is re@mlelmm the, hath gpaterial.

where the ?p@egﬁ?e sttioRdf :ﬁewam {r3¢erfl % inimal ddé &P fs 6Rort Bkposure
| ayer 26) Si Vv t he underé ﬁlaf the | eads 24, and a thin residue

27°5 on tme @ﬁséﬁ%a‘b%fsiﬁ@ ds-gRpisthe di nensi oned | eads, careful design
of the SL anmp noqhiseprocedure wud ﬁmw appl9fa thernoplastier mihesive tnal 'ESQR:(ﬂmtgml anb: |
ermt_jhe er at mac n abl e
gnd r ept od Q¥ ‘BFé’agg’ﬁﬁiHaag"ﬁ'%fwﬁ@ﬁ%‘iﬁe?é’%wg%a@%h{&gg The %@%ﬁ? W?’gk%‘il.l’esce*l“types
of control STICK® 301 d¢hempapliastic ladbésiee supphbdabga‘dphmelmh@erﬁx@%dﬂe‘ﬁe '
ded. 1 lin St
avoi de ers?ym(FSA? {Af?g}lﬁ?ﬂﬂ%&éa B@% tﬂyf\;lﬁ ﬁﬁ%oiﬂtlﬁﬂ in %t i&“t& Iils%

the stanp ESPve have remai ne
on the st ahprein th%@dmmﬂawmweﬂﬂi@zé% @Ynﬂ?@hﬂé’iﬂm addmoqqqgo B gadif§

tCOWPO?: ti Oﬂ? eritthteswh%a ugtea%we][ﬂofdgjusg lttmvliucaﬁty s surfack tensidl0r Agies ur
I e eSS an econdas 0 e
wes USE T o8 FEPYIO! DY hoNsRient PF L EREYPY dionging apd e up ape ADHE BGER ot e

out | i ne pagtsfgpcmetieaniiint. al‘iﬁlcvﬁmingsof)dlestagqmwhsagne pmndupsnstagérrmccaplr@sutheaﬂmls
STAY ST d Vi

‘Metals, | n828¢ %(ge%f‘])dé% "\%@\k{&{ Weér&s:émﬁ h@iﬁh k gé‘ﬁ%‘ﬁf! P(gﬁmons,
36% (by weitlghadhesive wwasodepositest omachriead Bt amavetragmﬂ@c magrans,tand

adhesi ve was g t‘i!]ﬁ:ﬁn% om” )2 oo 37 ﬂﬂe}bn§0| vent, and |ts
t enperat ur € s adj us edt;lz {%}%‘ferreil%kIE adjust I1ts viscosity and surface

tension. Agitation 20 was provided by novenent of the reservoir housing
and the up and down novenent of the stanp nechanism The tim ng of
the stages was one second per stage, except for the third stage (FIG
2c) which was held for two seconds.- Wth this material and these

condi tp®ns, _ EXAMPLE 2

‘This example illustrates the process described in Example 1 as applied to a different
adhesive, a mineral-filled epoxy system. The composition of the epoxy system is given in
Table I. The prepolymer in the epoxy systems used in these examples is typically formed -
by combining a bisphenol A epoxy resin such as EPON 58008 (2 parts) and EPON 1001F

30 (1 part) with a di(primary amine) chain extender such as toluene diamine (20% of epoxy
stoichiometry) in a solvent (1 part), and heating the mixture to 65°C with agitation to form
a bisphenol A nitrile rubber copolymer with approximately 80% of the original epoxy
functionality remaining. :



- TABLE |

t he adhesi ve was deposited on each | ead at an average thickness of 32

m crons, and the range of thickness fromlead to | ead was 25 m crons
to 37 m cw@rb%, WE 2
Thi s exanple |Ffustrates the process descrl bed i n Exanpl e f as applied to a
di fferent : adhesive, a mineral-filled& epoxy system The conposition of
- the epoxy systemis givenin . _Tabm ‘Iige prepol ynmer in the epoxy
systens used in these exanples is typi IyE r med by conbining a

bi'sphenol A epoxy resin such.as EPON.58008 (2 parts) and EPON 1001F 30 (1

part) with mary ampe) C n_ext er. suc ol uene dj am %
of epoxy Ms&-&r@@ghl onet r%—%i%%ﬁ&ﬂ? Sm-)e-t and heat i FAmeunt (g)
“m xture to @ r@l Si-WIth agitation to form ~ - a bisphenol" Anl‘{ Me
rubber copol yrer” wi th approxi mately 80% of the .original. epoxy
functional i :.ERn33%%i ng.  Epoxy Resin 3@ 98/ 1541Dow Chemical 30.00

- PCT/ US97/18173 - Bisphenol A -+ Company 8

: Chem cal -Nane or- Type Supplier
Amount J( g) ARALDI’E"gpm g&poxy Cresol Novolac Ciba-Gei gglrp PP 15.00

45. 00 EGNR78 332 ° Resin Epoxy Resin and | - Dow Cheni cal
- 30.00 . noI Co‘rrpany
ARALDI TE.  Methyl Cellgsolve, - 2-med oxgeBg gg"aéemp% PEMSD 15 00
ECN1273 ' Resin _ Met hyI Oel I 0s Orret hoxyet hanol
Great- Vst erq1187 Silane  15. QBrganosilane ¢ ester " OSI Special 0,75 .
‘Chem cal Co. A- 187 Silane . gan05| | ane " ester _ OSI _Speci al
0.75 o A&F%@.mo Dnneth)msmqnyl SilicOEeSilicon GE Silic®p0
0:90 = Anhfoarﬂr(ﬂoxﬁpmmﬂ@orrpound 10 ~ Silica Flour
Ehlrrleg | FI: gglilgc% Flour Nal%ﬁr ! M%ﬁﬁal S I‘/I%Yvem@/ﬁggrals Cab- 7S(|)()I Re02
~Di cyandi ani ggp-0-SiQXERIUaEdh&eSilica N ] €4 on 3P0
~Thi xatrol GST - theoI ogi cal additive dii'&lﬁéc ' (%3630
Dicyandiamide Cyanoguanidine All' Productlon - 2.00
Thixatrol GST Rheological additive ~N.L. Chemical .- 0.20

o By adjusting the temperaturc of the adhesxve mlxture to 35 °C, and otherwise
15 applymg the same condmons set forth in Examp]e 1, adhesive depositions with an average
thickness of 30 microns and a range of 25 to 36 microns was achieved.

EXAMPLE 3

This example illustrates the process of Example 1 as applied to printing on glass.
The printing of geometric configuratmns on glass is common for use in vision
20  detectors for CCDs (charge-coupled dévices) and other digital imaging systems The glass
is used as a cover for the electrical chip detector to avoid mechanical or environmental
damagc in this example, the raised negatxve on the stamp is a set of lines and angles to .
accommodate the CCD chip configuration.
The equipment described above in Example 1 was used. The adhesive formulation
25 used was as follows. :

]



By adj usting the tenperature of the adhesive mixture to 35[err]C, and
ot herwi se 15 appl ying the sane conditions set forth in Exanple 1,
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98/ 15410  Prepolymer E -59.00

PCT/ USQ7/ 18

TRBLE B Mty Cellogglyen, ngmethoxyethapol ; 5 %W"’@S‘é Suppl | 200

Amount (Qg) . D.E.R 332 Epoxy Resi . Dow Chemi cal

135. 00 A-187 Silane Organosilank'e3f€N0! A OSI Special Conpany g

Pr epol yner _ 59. 00

5 Met hy AREB00sol ve  2Dimethpk$idictmnol GE3Sdlidon\\ést er n 2.00 20.00

Chem cal Co. A- 187 SAnftifoam Com aman05| | ane ester OSl  Speci al
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N, N- Di1oet hy 5 % AeniCure UR PHCN{Ditnefiiyd uréa PacificAnchor - 050

Application of the formulation was performed at 25°C, and otherwise the same
conditions set forth in Example 1 were applied. Adhesive depositions with an average
thickness of 26 microns and a range of 20 to 34 microns was achieved.

EXAMPLE 4

15 This example illustrates the process of Example 1 as applied to "flip chips", in
which the electrical contact between the chip and the base is made with solder balls that -
are typically fixed to the base before the soldering operation. the process employed in this
application can be used to apply electrical conductive components such as solver-filled -
epoxy or solder paste dn'ectly to the appropriate location on a leadframe or on the chip

20 itself.

A stamping die was fabricated using a cylindrical wire with a diameter of 0.01 inch
(0.0254 cm), in short segments arranged on end, with the exposed ends forming a planar
dot array. The print material was an electrically conductive formulation as follows:



Application of the fornulation was perforned at 25[err]C, and otherwise the °

sane conditions set forth in Exanple 1 were applied. Adhesive

deposi ti an aver age thi ckness of 26 mcrons gRdnkeraeigs of 20
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The - surface to which the pnnt material was apphed was a glass microscope slide.
__ - Consistency and uniformity of deposition from dot to dot ranged from 0.010 inch
15-. (0.025 cm) to 0.014 inch (0.036 cm), and the height of each dot ranged from 20 to 25
- microps. This is more than adequate to make the electrical connection between a die
electric connector pad and a leadframe surface without the need for a bonded wire.
The number of contact points between a die and leadframe will vary from 2 or 3 to
_ ~ 30 or more, and the process described herein would permit the application of all of the
20 necessary dots in a single step using a cycle time of approximately six seconds. This is at
least ten times faster than the delivery of a needle dispensing device with a capability of 4
or 5 dots per second. Dot size can be controlled to an overall diameter of approximately
0.005 inch (0.013 cm) or less with the appropriate stamp size and process conditions.

_ The foregoing is offered primarily for purposes of illustration. It will be readily
25  apparent to those skilled in the art that the materials, dimensions, shapes, assembly
procedures, curing conditions and other parameters of the method and package described
herein may be further modified or substituted in various ways without departing from the
spirit and scope of the invention.
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3 and a reservoir where solvent lost by evaporation is replaced.

1 5. A process in accordance with claim 1 in which said liquid print material
contains suspended solids and is continuously agitated to maintain said solids in
3  suspension.

1 6. A process in accordance with claim 1 in which said liquid print material is
2  an uncured adhesive.

1 7. A process in accordance with claim 1 in which said raised negative is
2  substantially planar and is horizontal.

1 | 8. A process in accordance with claim 1 in which said raised negative is
substantially planar and forms an angle with the horizontal of less than 30°.

1 9. A process in accordance with claim 1 in which said raised negative defines
2  a plurality of planes and said surface to be printed defines a plurality of planes
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conpl enentary to the planes of 'sai d raised negatlve mhereby (c) results in
said liquid print 4 materi al . being transferred sinultaneously to al

pl anes of said surface to be printed. 1 10. A process in
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